Introduction
Cancer is the most dreaded disease, along with heart disease. Hyperthermia has attracted much interest in the treatment of cancer due to its advantages over chemotherapy and radiotherapy. Using hyperthermia, cancer cells are killed directly within a short period of time, whereas normal cells are unaffected. 1 Magnetic hyperthermia is practiced by applying an external alternating magnetic field which in turn oscillates the magnetic moment of each particle, converting magnetic energy into heat. Superparamagnetic materials for magnetic hyperthermia are promising candidates for antitumor therapy because they have the capacity to destroy deep tumors and are controlled by an external magnetic field. 2 Magnetic nanoparticles have attractive features that could be used effectively in nanomedicine. First, they have a controllable particle size (from a few nanometers to tens of nanometers). Second, they are magnetic, so can be manipulated by an external magnetic field. Third, they can be made to heat up, so can be used as hyperthermia agents, delivering large amounts of thermal energy to tumor cells and destroying them. 3 If an iron oxide nanoparticle is below 45 nm in size, it is classified as superparamagnetic due to its line-type hysteresis loop iron oxide nanoparticles. The magnetite (Fe 3 O 4 ) phase of superparamagnetic iron oxide nanoparticles has numerous in vivo applications, since it can respond to an external stimulus and heat up, and does not retain any magnetism after removal of the external magnetic field. 4, 5 Materials that are compatible with bone tissue are preferred for bone repair and hard tissue engineering. 6 Hydroxyapatite (HAp) is widely used in this setting because of its exceptional biocompatibility, bioactivity, and osteoconductivity. 7 A number of chloride was maintained at 2:1. The prepared magnetite was black in color and the pH was maintained between 9 and 14.
Materials and methods

Synthesis of iron oxide nanoparticles
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The overall reaction is written as:
Synthesis of hap nanoparticles
The HAp nanoparticles were prepared by the wet chemical route method. First, 0.25 M phosphoric acid was prepared in distilled water. Ammonia (NH 3 ) was added to this solution, with stirring to maintain the pH at 10. Next, a 1 M calcium nitrate tetrahydrate solution was prepared by dissolving in double-distilled water, which was then added slowly to the above phosphoric acid-ammonia solution. The solution was stirred vigorously for 1 hour and allowed to age at room temperature for 24 hours. The gel obtained after aging was dried at 80°C for 48 hours in a dry oven. The resulting mixture were washed repeatedly using distilled water. After washing, the powder was sintered for 2 hours at a temperature of 900°C.
Synthesis of Fe 3 O 4 -hap nanocomposites
The Fe 3 O 4 -HAp nanocomposites were prepared using a wet-type ball mill ( Figure 1A ). The ratio of HAp to Fe 3 O 4 nanoparticles was 1.5:1 (w/w). Ball milling was carried out for 5 hours using a zirconia bowl and ball at 300 rpm, with a ball to sample powder ratio of 10:1 (w/w).
Characterization
Fourier transform infrared spectra were taken using an 8400S spectrophotometer (Shimadzu, Tokyo, Japan). KBr pellets were used, and the spectra were recorded in aqueous medium.
The morphology of the Fe 3 O 4 -HAp nanostructures was observed using a scanning electron microscope (ICON, Quanta 200 Mark II Environmental scanning electron microscope) with an acceleration voltage of 0.2-30 kV.
The thermal properties of the prepared nanocomposites were investigated using a thermal analyzer (STA 449 F3 Jupiter, Netzsch Gerätebau GmbH, Selb, Germany) along with thermogravimetry and differential scanning calorimetry in the temperature range of 28°C-1,100°C at a heating rate of 20°C per minute in a dry air atmosphere. Al 2 O 3 was used as the reference material.
Diffuse reflectance spectroscopy was performed using a Specord 210 Plus (Analytik Jena, The Woodlands, TX, USA) between 190 and 1,100 nm at room temperature.
The superparamagnetic properties of the Fe 3 O 4 -HAp nanocomposites were studied using a 7410 vibrating sample magnetometer (Lake Shore, Westerville, OH, USA), in atmospheric air at room temperature.
The cytotoxic effects of the Fe 3 O 4 -HAp nanocomposites were evaluated using MG63 cells. The MTT assay was performed according to the procedure shown in Figure 2 . The formazan was dissolved in dimethyl sulfoxide and the absorbance of the solution was quantified at 510 nm. 
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Results and discussion
Fourier transform infrared spectroscopy
The Fourier transform infrared spectral assignments for pure 
Diffuse reflectance spectroscopy
Diffuse reflectance spectroscopy provides the electron transition of pure and mixed samples. Figure 1C 
Scanning electron microscopy
The micromorphology and texture of the Fe 3 O 4 -HAp nanocomposites are shown in Figure 1D . This scanning electron microscopic image shows that pure Fe 3 O 4 has an irregular approximately spherical-like morphology with an average particle size in the range of 50-70 nm and that HAp has a particle size in the range of 30 -40 nm. The aggregated Fe 3 O 4 -HAp clusters have a size range of 100-350 nm and both phases distributed uniformly, as shown in Figure 1D . The characteristic dark and light gray represents the Fe 3 O 4 and HAp, respectively.
Thermogravimetric analysis
The Fe 3 O 4 -HAp nanoparticles were studied by thermogravimetric analysis in a nitrogen atmosphere at a heating rate of 20°C per minute. 
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Iron oxide-hydroxyapatite nanocomposites for bone cancer Stage 1 corresponds to vaporization of adsorbed water on the surface of HAp, stage 2 is due to vaporization of the water and crystallization of HAp, and stage 3 is probably due to breakage of CO 3 2-and HPO 4 in HAp.
Differential scanning calorimetry
The differential scanning calorimetry analysis of Fe 3 O 4 and the nanocomposite is shown in Figure 4 . The pure Fe 3 O 4 shows a strong endothermic peak approximately 100°C. This is due to removal of the solvent molecule (H 2 O). A slight endothermic transition approximately 620°C indicates crystallization of the magnetite phase. The differential scanning calorimetry results for the Fe 3 O 4 -HAp nanocomposite show a strong endothermic peak located in the range of 90°C-110°C. Two exothermic peaks were identified at 470°C and 720°C. The first one could be due to crystallization of the powder, given that this temperature range allows strong interaction between Fe 3 O 4 and HAp molecules. The second one corresponds to the rearrangement of the CO 3 2-and HPO 4 -groups present in HAp. This is in good agreement with the thermogravimetric analysis.
Vibrating sample magnetometry
The magnetic hysteresis loops for the Fe 3 O 4 nanoparticles and the Fe 3 O 4 -HAp nanocomposites is shown in Figure 5 . These materials exhibited strong magnetic behavior, with saturation magnetization of 20.639 and 7.34 emu/g and coercivity of 4.1747 and 5.1233 G, respectively, at 300 K. The magnetic properties are tabulated in Table 2 . The saturation magnetization of pure Fe 3 O 4 is lower than the value reported in the literature (92 emu/g). 13 The samples show typical superparamagnetic behavior, with near zero coercivity and remanent magnetization, whereas pure HAp does not have any hysteresis loop. It is also clear from vibrating sample magnetometry that the magnetite particle in the composite structure is well within the single domain particle range and exhibits superparamagnetism. The magnetization value of the composites was lower than that of the pure Fe 3 O 4 nanoparticles. The decreased saturation magnetization could be due to interaction between the iron core and the HAp shell, which decreases the magnetic moment. 14, 15 Cytotoxicity testing Magnetic induction hyperthermia is a technique that can be used to destroy cancer cells via their hysteresis loss
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Conclusion
In this work, pure Fe 3 O 4 was prepared by alkaline coprecipitation and HAp nanoparticles were prepared using an optimized sol-gel method. Fe 3 O 4 -HAp (0.7 w/w) nanocomposites were developed by wet milling. The prepared Fe 3 O 4 -HAp nanoparticles and its composite were characterized and confirmed by scanning electron microscopy, Fourier transform infrared spectroscopy, and diffuse reflectance spectroscopy. Their superparamagnetic nature was confirmed by vibrating sample magnetometry, and their thermal stability was confirmed by thermogravimetric analysis and differential scanning calorimetry. This nanostructured Fe 3 O 4 -HAp composite would be ideal for use in bone cancer therapy.
